African-American women report higher levels of chronic conditions and church attendance relative to the overall US population. Therefore, efforts have increased over the past decade to design church-based health promotion programs. The present study compared changes in religiosity, religious social support and general social support across time within a church-based physical activity study. In a clustered randomized controlled trial, 31 churches and 15 African-American women per church were recruited to participate. Churches were randomized to one of three 10-month programs to promote physical activity: faith-integrated (FI), non-faith integrated (NFI) or self-guided control program (C). Comparisons were made between baseline and 10-month time points to assess differences over time. A significant reduction in general social support was observed across all groups. Private religious practices and religious emotional support received increases in C and FI, respectively. Prior research findings and the current study highlight difficulty in demonstrating strong, unilateral changes in religiosity, social support and health. Additional research is needed to identify more accurate measures of these concepts. Findings from the current study have implications for the role of social support in future church-based health promotion studies.
Introduction
African-American women exhibit particularly high rates of chronic disease (e.g. obesity, heart disease and some cancers) that can be exacerbated by infrequent physical activity [1] [2] [3] . For example, rates of obesity and excessive body weight are highest among African-American women (at nearly 80%), compared with other racial and ethnic populations [4] . As chronic diseases are associated with low levels of physical activity, they can be addressed and/or prevented by the application of physical activity interventions. Regular physical activity plays a critical role in chronic disease prevention and is consistently associated with lower risk of cardiovascular disease, stroke, metabolic syndrome, type 2 diabetes and certain cancers [5] .
Religiosity and health
Despite low levels of participation in physical activity and high rates of chronic disease, AfricanAmerican women maintain higher rates of church attendance than the general US population [6, 7] . Higher levels of religiosity are of interest to researchers and practitioners. Religiosity is defined as religious involvement in private and organizational religious practices [8] . Examples of private practices are personal prayer and bible reading, while organizational practices include church attendance. High prevalence rates of chronic disease among African-American women seem counterintuitive, since several studies have verified the positive relationship between religiosity and enhanced health [9] [10] [11] 3] . The fact that high rates of church attendance is not accompanied by low rates of chronic illnesses among African-American women is perplexing. Due to the paradox, researchers have investigated patterns in religiosity and social support within church-based physical activity interventions [12] [13] [14] .
Investigating changes in religious involvement and well-being over a period of time may yield important findings for health promotion among African-American women [15, 16] . In order to explore the connection between health and religious involvement, researchers have designed faith-integrated (FI) health programs incorporating religious tenets with health psychoeducation and participation in healthy behaviors [15] . Results from a systematic review of African-American faith-based interventions [17] indicated that FI health programs focusing on social support were more successful than nonfaith integrated (NFI) programs. FI health programs incorporated tenets of private spiritual practices in a group setting. However, many of the aforementioned studies are limited by their cross-sectional, non-experimental design [6, 18] . Furthermore, substantial differences might exist between FI and church-based health programs [19] . It remains unclear whether these programs led to increases in religiosity and social support over time or as conduits for increased health-related behaviors.
General social support
Moving beyond original efforts to isolate the relationship between religiosity and health, more complex studies with larger sample sizes have evaluated factors (i.e. general and/or religious social support) potentially underlying the positive association between religiosity and health [6, 20] . Broadly, general social support is defined as sustenance transmitted interpersonally through relationships, and can involve the exchange of both emotional and concrete aid [21, 20] . To date, results are mixed as studies addressing the role of general and/or religious social support have produced positive, negative and null outcomes [22, 16, 23] . Scarapicchia et al. [24] found that the strength and direction of the relationship between general social support and physical activity were unsettled. The majority of the studies utilized social support measures specific to physical activity. Results demonstrated that negative social support might be associated more with physical activity than positive social support. Researchers felt that the inconclusiveness of the relationship could be due to the hesitancy of researchers to publish studies with decreased levels of social support. Still, a relationship between general social support and health has been established in the literature making it theoretically plausible that social support is involved in the maintenance and/or changes in religiosity and health across time [25, 26] . The present study utilized social support measures non-specific to physical activity.
Religious social support
The definition and measurement of religious support, as a construct that is distinct from general social support, have been debated in recent years [27, 6] . Researchers have suggested that religiosity involves a unique and distinct form of social support [6] . Such a viewpoint seems to be supported in theoretical manuscripts and interdisciplinary discussions examining the communally shared values and apparent belief-based cohesion shared by church attendees [20, 28] . To our knowledge, a comparison of changes in religiosity and types of social support over a period of time is limited within the literature. Thus, we included measures of both general social support [overall questions assessing tangible and intangible emotional aid in the context of the Learning and Developing Individual Exercise Skills (L.A.D.I.E.S.) physical activity program] and religious social support (emotional aid transmitted and received in religious settings and/or within the context of a religious interpersonal dynamic).
Measurement difficulties
Some of the difficulty that has arisen while trying to track changes in religiosity and social support within a health intervention is possibly due to the complexity and multi-factorial nature of the constructs C. R. Story et al.
involved [6, 18] . Measures of religiosity assess participants' self-reported levels of involvement in both communal (e.g. church attendance) and private (e.g. personal prayers and bible readings) religious practices [8, 18] . Likewise, measures of social support are dependent on perceived, self-reported provision and receipt of many forms of assistance (e.g. emotional, informational and/or instrumental support) in a variety of contexts (e.g. at school, home, church and work) [29, 20] . Since researchers are interested in the unique ways that religiosity relates to health promotion, examining general social support and religious social support as separate constructs is justified.
Present study
In the present study, we sought to examine potential changes in religiosity, religious social support and general social support in the context of an experimental church-based health promotion intervention. Our analyses were conducted on data collected at two time points, utilizing separate measures assessing religiosity, general social support and religious social support. The purpose of the present study is to evaluate the effect of FI, NFI and self-guided control health interventions on religious social support, general social support and religiosity, according to L.A.D.I.E.S. participants. We hoped to answer the following research questions: Does total religious social support, general social support and measures of religiosity change in a church-based physical activity intervention program over a period of time within and between groups (i.e. FI, NFI and control)? Do positive changes occur in religious social support, general social support and religiosity over a period of time within and between groups?
Methods

Study design
Data for this study were derived from the L.A.D.I.E.S. study [13] . The L.A.D.I.E.S. study was developed to assess physical activity among low-active African-American women. A total of 31 churches were recruited for the clustered, randomized study. Churches were randomized into one of three clusters: an FI group; a traditional NFI group and a self-study group (control). The FI and NFI participants received 25 group-based sessions, each lasting approximately 2 hours, during which intervention curricula were administered. The FI health program incorporated biblical scriptures, while the NFI health program incorporated general readings to illustrate concepts related to increasing physical activity. Both programs integrated key concepts from the Social-Ecological Model [30] and Social Cognitive Theory [31] . Programs included leverage points for influencing adult behaviors, such as social environment, self-efficacy, incentives, values placed on external health reinforcements and social support for health-related behaviors. For example, a social support session for the FI group focused on biblical passages associated with receiving help from others [13] . The NFI social support session opened with a secular quote and examination of a secular song pertaining to social support [13] . Control group self-study material [32] was provided at the end of the baseline data collection visit. Participants were encouraged to follow the guide and instructions for increasing physical activity on their own.
Community health workers, who were AfricanAmerican women and familiar with faith-based settings and group facilitation, received approximately 60 hours of training and a scripted guide for leading each session. The group facilitator trainings included a 2 hour session with a trained behavioral psychologist on general group facilitation, with group facilitation modeled by the study investigators (24 hours). Trainings also consisted of practice sessions with facilitators engaging study team members as participants (20 hours, including time for each facilitator to prepare sessions), and 20 hours of session delivery to a pilot group of participants. Facilitators received feedback and corrective action throughout the training to ensure session delivery was consistent across group leaders and consistent with the scripted guide that was provided to each group leader. Facilitators and study investigators met after each session for a debriefing and to review the next session to be delivered.
Changes in social support over time
Low-active African-American women (those who reported achieving equal or less than 150 min/ week of moderate-to-vigorous physical activity) at least 18 years old were recruited to participate within each church. Approximately 15 AfricanAmerican women per church were recruited to participate in the study. Data were collected at baseline (n ¼ 417) and 10 months (immediately post-intervention) (n ¼ 333). Sample sizes for the FI and NFI programs were 151 and 140, respectively. One hundred and twenty-six female parishioners participated in the control group. Participants were observed for an additional year to assess program sustainability, and final data were collected at 22 months. The Copernicus Group Independent Review Board approved the study, which included documentation of informed consent.
Theoretical framework
The L.A.D.I.E.S. study is based on both the SocialEcological model and Social Cognitive Theory [13, 33, 34, 35] . Ecological-based interventions center on interactions between the environment (physical and social) and the individual [35] . The potential for church-based programs to influence the social environment is particularly salient for religious communities in which the unique setting has the potential to influence individuals' cognitions and behaviors. Specifically, physical activity interventions using the ecological model tend to focus on social relationships [36] [37] [38] . The church is a social center in African-American communities, and is an ideal place to examine social support and health behaviors. Therefore, the current study included a general social support measure of both intangible (e.g. emotional) and tangible (e.g. food, gifts) support given and received during the L.A.D.I.E.S. study. To assess the impact of the religious environment more directly, a religious social support measure was utilized to measure intangible and tangible social support within the religious setting.
Social Cognitive Theory posits that cognitions are affected by the social environment, and are believed to impact behavior patterns [33, 39, 40] . Social support is among the social environmental mechanisms that potentially contributes to positive behavior change, and ultimately, self-efficacy [39] . The L.A.D.I.E.S. study was designed to increase self-efficacy for physical activity by increasing social support. Strategies for increasing social support and self-efficacy included guided physical activity, regular meetings and group devotionals. Social support strategies differed according to group (FI, NFI and Control). We hypothesized that religiosity would change in the FI group, compared with the NFI and control groups, and that social support would increase in the FI and NFI groups compared to the control group. In other words, the L.A.D.I.E.S. study hypothesized that participants would internalize religious principles, social support and exercise information in a way that would support physical activity self efficacy beyond the conclusion of the intervention.
Measures
We used three separate measures to assess general social support [41] , religious social support [42, 43] and religiosity [44] at two (baseline and 10 months) time points for each of the three groups. Results from the 22-month assessment were very similar to 10 months, and were not reported in this study.
General social support
The Social Provision Scale (SPS) was designed to measure assistance-related dimensions and nonassistance-related dimensions of interpersonal relationships [41] . Likert-type scales recorded responses ranging from 1 ¼ 'not at all' to 4 ¼ 'always'. The measure has six subscale scores ranging from 6 to 24, and the summary score ranged from 24 to 96. Higher scores were indicative of stronger social relationships. Factor analysis confirmed a six-factor structure corresponding to the six social provisions, supported by findings from Cutrona and Russell [41] . Cutrona and Russell [41] reported a Cronbach's alpha of 0.92 across a variety of populations (i.e. college students, adults and older adults). An abbreviated version of the SPS was validated among African-American samples, and the C. R. Story et al.
SPS highly correlated with other measures of relationship quality and stability [45] .
Religious social support
The religious social support measure was designed to assess the strength of relationships shared between individuals in religious communities [42, 43] . The measure assesses four subscales on social relationships and religious beliefs (e.g. emotional support received, emotional support provided, anticipated support and negative interaction) [46] [47] [48] [49] . Items are rated in a 4-point Likert scale from 'never' to 'very often' for emotional support and negative interaction. Items are rated in a 4-point Likert scale from 'none' to 'a great deal' for anticipated support. Higher scores indicated higher levels of support. The Cronbach's alpha for this measure is 0.63.
Religiosity
Questions assessing religiosity were ascertained from several measures [8, 18, 44] . The items included measures from private religious practices and organizational religiousness. Private religious practices measured religious behaviors (e.g. 'Within your religious or spiritual tradition, how often do you mediate?'). This sub-scale is composed of five items with a 5-point response format, ranging from 1 ('more than once a day') to 5 ('never'). The internal consistency reliability was 0.81. Organizational religiousness measured the frequency of involvement in formal public religious institutions (e.g. 'How often do you go to religious service?'). This subscale consists of two items with a 6-point response format, ranging from 1 ('never') to 6 (several times a week). The internal consistency reliability was 0.68. Higher scores on the measures indicated higher levels of religiosity.
Data analysis
Data analysis utilized summary and subscale scores on the three measures (religiosity, religious support and general social support) at the two time points. Demographic characteristics, such as age, body mass index (BMI) and level of education were assessed at baseline for the entire sample, and were summarized using descriptive statistics (e.g. means, percentages, standard deviations and 95% confidence intervals) per intervention arm (Table I) . Mean values for each group were assessed at baseline and 10 months (Table II) . At each time point, pre-post mean changes within each study group and differences in mean changes across them were estimated and tested using generalized linear mixed models (GLMM) that included churches as the random intercept. These comparisons were repeated using two sets of GLMMs: (i) the baseline value of the outcome measure as a fixed covariate and (ii) marital status, income, age and BMI as fixed covariates due to associations of these covariates with dropping out of the study (Table III) . Because this study was a clustered, randomized trial, all analyses conducted took into account the study design and correlated data due to clustering of participants with churches.
Results
Descriptive statistics
The sample for the current study was restricted to participants who had complete data at two time points: baseline (n ¼ 417) and 10 months (n ¼ 333). Participants' mean age was 51.4. Most Table I . Table II provides baseline and 10-month followup measurements from time 1 to time 2 for religiosity, religious social support and general social support scales, as well as subscales for each. Results were organized by randomization arm. Table III provides the mean change from time 1 to time 2 for religiosity, religious social support and general support scales, along with subscales for each. Table III results were organized by randomization arm. Control group participants experienced a significant increase in 'private religious practices' (M ¼ 0.70, P < 0.05) (Table III) from baseline to post-intervention. We observed no other changes in total religiosity or related subscales in any other subgroups. The FI participants reported an increase in 'emotional support received', a subscale of total religious support between baseline and immediately post-intervention (M ¼ 0.22, P < 0.01) (Table III) . Again, we observed no other changes for total religious social support or any other subscales for any other intervention subgroups. With regard to general social support, all groups reported statistically significant decreases for total social support, as well as for each of the social support subscales (Table III) .
Discussion
The purpose of the current study was to explore differences in religiosity, religious support and social support at baseline and 10 months among participants enrolled in the L.A.D.I.E.S. study. Findings from the current study were in the opposite direction of what was expected: (i) no change in total religiosity for the FI group; (ii) only a small change in total religious emotional support immediately postintervention for the FI group; (iii) an increase in private religious practices in the control group participants and (iv) significant decreases in total social support among all groups over a 10-month period. These findings are remarkable when considered with findings from the original study. Within the original L.A.D.I.E.S. study, the FI group experienced a significant increase in physical activity and maintained moderate levels of physical activity post-intervention [50] . In contrast, the NFI group did not demonstrate an increase in physical activity post-intervention. In addition, the control group did not show an increase in physical activity. Present study findings challenge presumptions about concurrent positive or negative changes in social support and health-related behaviors. Although we did not report 22-month assessments for the current study, we noted that the retention rate for the 22-month program was impressive (n ¼ 305). Findings should be viewed in light of the fact that participants demonstrated commitment to the study and their engagement strengthens results pertaining to social connections. The low rate of attrition may be a particular strength of this study. While it is impossible to know from the study itself, it is possible that lack of attrition is a function of high rates of religious commitment and connectedness to church involvement among participants.
General social support
Experiential and statistical factors explain the decline in general social support for the two groupbased intervention arms (FI and NFI). By design, L.A.D.I.E.S. meetings decreased from weekly to monthly during the study. Participants met weekly for 17 sessions, bi-weekly for four sessions and monthly for four sessions to ease the transition from regular group meetings as the intervention period was ending [13] . According to church leaders, some participants were disappointed with the change in meeting frequency [51] . Less frequent meetings could have reduced opportunities for health-oriented conversations and encouragement, which are a commonly reported means of social support among parishioners [25] .
It is also possible that participants overestimated levels of social support at baseline. Participation in group activities likely increased an awareness of the need for social support that was not simultaneously addressed by the program. Anecdotally, participants at most churches indicated that they rarely engaged in non-church related conversations with other women in the group, although they had been church members for years. This is interesting considering Kumanyika et al.'s finding [26] that preexisting relationships do not impact perceptions of social support upon entry into and/or during a health promotion program. Building on these findings, we would encourage researchers to consider opportunities for creating longer term, self-sustaining relationships during programs in order to buffer against the abrupt end of interventions leaving participants feeling less supported. A longer term approach has the added benefit of providing group members longer exposure to their peers, which is a mechanism for increasing social support [26] . Meanwhile, completion of the survey and group activities may have increased awareness of social support in a way that led to more accurate reporting over a 10-month period. In future studies, researchers can develop a brief psycho-education session to participants about social support and religiosity. Information would provide participants with context leading to more accurate assessments of social support and/or religiosity. Furthermore, we posit that education would encourage standardized knowledge that can aid in buffering against maturation and threats to validity that occur when a participant's knowledge increases over time [52] .
Another potential reason for the decline in selfreported social support could have been positive program outcomes. It is possible that successful participants accessed support from individuals outside the research group (e.g. family, friends, co-workers), instead of developing friendships with group members as expected [53, 54] . While participants were expected to build relationships within their group, they may have become less connected to their group members as they turned to outside sources for models and positive feedback. Consequently, lower reports of general social support would be due to the fact that questionnaires focused on support received from study group members only. When selecting measures for future studies, we suggest that researchers utilize questionnaires including social support received from family and friends in addition to study participants. Information would contribute to a different model for faith-based programs that includes family and non-congregation friends.
Religiosity and religious social support
As individuals who were already engaged in religious practices, participants reported high levels of religiosity at baseline. High levels of religiosity might not have changed significantly throughout the course of the intervention, due to the possibility that participants perceived themselves to be committed people of faith. So far, researchers have yet to demonstrate whether rates of religiosity remain consistent or alter significantly during the lifetimes of African-American women. Therefore, it is difficult to compare the findings of this study regarding the apparent stability in religiosity to findings elsewhere.
Changes in religiosity (private religious practices) among members of the control group were difficult to interpret since control group activities were selfguided and did not necessarily take place at churches. Incidentally, control group participants were somewhat disappointed that they did not have a group meeting to attend. As a result, some control group churches began holding regular, nonphysical activity-focused meetings with these participants. Meetings potentially led to discussions about faith and health and to increases in private religious practices.
Related literature indicates the existence of a positive association between religiosity and emotional support [55] . Individuals who maintain higher levels of church attendance and have high levels of religiosity generally report higher levels of emotional religious support [56] . Interestingly, baseline findings from the L.A.D.I.E.S. intervention indicated a negative correlation between religiosity and religious social support, which now appear to hold over a period of time [57] . The Black church is a historic place of religious support [28] , and it is feasible that emotional social support would increase over time in the context of a faith-based C. R. Story et al.
intervention. For the FI group, the L.A.D.I.E.S. intervention was probably perceived as a religious activity or practice due to the inclusion of scripture and prayer. Perception of program activities would possibly facilitate an increase in perceived religious emotional support received from fellow participants and site captains. One of the perceived outcomes of the L.A.D.I.E.S. intervention was described as 'fellowship', or gathering around a common goal [51] . Fellowship within the FI group likely encouraged participants who were already involved in church but were emotionally isolated. Findings are significant as anticipated religious support is associated with vigorous levels of physical activity and other positive health behaviors [27] .
Limitations
Similar statistical outcomes across groups were probably more a function of the broader experiences of congregations who worship at historically black churches than of the impact of the intervention. Furthermore, the use of self-report measures to assess social support within a health-promotion program may have led to skewed results due to response bias. Perceptions of the constructs being measured could have affected responses as participants were exposed to program content. Also, the frequency of measurement may have caused survey fatigue. Lastly, results for the guidance subscale were not assessed. While omission of these results represents a limitation for the study, the summary score and subscales present a solid indication that social support decreased across subscales for all participants.
One of the greatest strengths of the L.A.D.I.E.S. intervention was the experimental design over a period of time. The design allows researchers to explore potential facilitators and barriers to social support based on the context of the intervention. Current study findings represent a significant contribution to the literature as general social support results countered some of the literature. The population assessed is also a strength, considering that African-American women have higher levels of religious involvement compared with the general population, accompanied by assumptions of higher social support levels.
Conclusions
Findings from the current study have implications for measurement and health-promotion program design. We suggest that researchers who wish to evaluate social connectedness in religious institutions use measures assessing both the religious and general dimensions of social support provided and received among participants. Addressing both dimensions will allow researchers to highlight differences between shared social experiences among community members and social phenomena at the local church level. In terms of measures, religiosity should be less sensitive to religious involvement, as measured by hours spent involved in church activities or attendance frequency. Since church attendance (i.e. organizational religiousness) is not likely to change during participation in FI interventions, this may not be an adequate measure of changes in religiosity. Future studies should include assessment measures incorporating additional dimensions of social support (both general and religious) over a period of time. For example, social support, as indicated by connections with both family members and friends, can support program success.
Current study findings also have implications for health-promotion program design in that consistent meetings are needed to increase perceived levels of social support in physical activity interventions. It is possible that increased dosage could translate into increased social support through collective self-efficacy. In addition, faith-based programs should consider inclusion of family members and friends as a mechanism for increasing social support and selfefficacy.
Because a strong case has been made for changes in social support across time, our findings present puzzling issues that call for additional investigation. Findings represent a significant contribution to the field since assessments of different social support constructs across time are minimal within the literature. Current study findings demonstrate a need to Changes in social support over time further define and explore social support with FI contexts. Given the documented effects of religiosity and social support on health, more studies on longitudinal interventions are warranted.
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